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(54) Abstract Title 

Method and device for drying ink-jet prints 

(57) The invention relates to a method for drying an ink-jet print on an image support by infrared radiation. 
The image support is conveyed through a strip-shaped radiation zone and a radiation source is operated in 
such a manner that the ink-jet print is subjected substantially across the entire surface of the printed image to 
a radiation in the near infrared range, especially with a wavelength of from 0.8 to 1.5 u.m. 
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ration in fT^^r C * tl ° D " 

Ink-jet printing equipment that operates with 

»k. i-. ink that does not soa* Tnll ll , non "P— 'rating 

imprinted, produces a £ * «" ^» °* which it is 

Paper used in offices than do. printers that ^ ^ 

Penetrating i nk . A disadvantagl TZTlT'^ 

that it dries more slowly so tt ^ n ° n - penetrati ^ ink is 

i-ge ma y hecome hiurred'hen he prLtd^ 8 ^ ^ 

the machinery and stored. " reBovei1 

Hence a common practice is that a ft„ 

P-ts made with inks that £ ^^^^T: 
state, in particular non-penetrati™ I qUld 
application of heat to JZ ll T ' dried by the 

in order to keep the timeTet T ^ ^ te-perature, 
Nation as small J « — te , 

The conventional approach to such drying i s to , * 
-Hers in a procedure subseque nt to in 7 " 

pass the medium bearina th~ n • * • P rint ^g, namely to 

-r these roiiers " pro edur T s^ ^ ^ ^> 
irradiation device that covers a! arge ""^ " 

radiation that is appiied to I generates thermai 

applied to the image carrier. 
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It is disadvantageous that when such means of fixing the image 
on an image carrier are used, the drying speed is limited, and 
hence so is the speed of the whole printing process. These 
restrictions derive, firstly, from the dimensioning and layout 
5 of the heat source and the degree to which it can apply large 
amounts of heat to the image carrier within a short time. When 
the unspecif ically introduced thermal energy is absorbed at a 
relatively high rate, the rise in temperature over a given 
period of time is so great that embrittlement and undesirable 
10 strong drying effects negatively affect the quality of the end 
product, as well as its ability to tolerate further processing. 

In the patent DE 36 42 204 a drying process is described in 
which the printed paper is pulled over a heating saddle. This 
heats the back surface of the paper and thereby dries the ink. 

15 During this process the printed pages are placed under tension 
within an additional propulsion device, which holds them over a 
heating apparatus consisting of a heated piece of sheet metal. 
To accelerate the drying process, where appropriate a hot-air 
blower can also be employed, which supplements the effect by 

20 transferring the heated air above the heating device to the 
image carrier. 

An ink-printer apparatus that operates in a similar way is 
described in the patent DE 27 16 705. 

A disadvantage of this kind of drying is that the image carrier 
25 is completely heated, which necessitates a high heat output, 
and that because it is heated on only one side, it can become 
deformed. Furthermore, the energy consumption is unnecessarily 
high. 

In the patent DE 40 21 227 the paper printed by means of an ink 
30 print head is fed through a laminar slot within which, by means 
of a warm-air blower with associated air-distributor device, a 
laminar stream of warm air with low flow velocity is produced. 
This warm airflow dries the applied ink reliably and with no 
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blurring while the paper u ^ 

same time the moisture is conducted away. * 

This soiution presents the disadvantage that it is t~- h • , , 
elaborate and the aDM „ t ,„ _ 1S technically 

S Other disadvantaged ^ Le h t ^T""' * 

ffc „ . S are that the blower produces noise and that 

the dryer can be reiatively susceptible to failure. 

The patent DE 198 35 04 6 desrrih 0 = ^ 

dev.ce that is designed to detect where the image created by 
the in* „ positioned on the image carrier and to em" 
hTcInT eleCtr ° niC P ° Si "~rol signals. A heat source 

Ictate t S ° PeratSd " PUlS6S " Pr ° Vided to ~ e a 
punctate beam wrth an infrared component that is aimed at the 

aga.n, is relatively susceptible to failure. ntr011 "" Md ' 
The patent DE 198 07 643 describes a method of drying , laver 

dried »„h n» solvent, from the material to be 

from th h P " ated m ° iStUre C ° mPOMnt ls transported away 

from the drying, zone by a transport gas current. 

Electromagnetic radiation, in particuiar in the near-infra, h 
region, has proved especially usefu! for drying ThL meth H 
consumes a relativeiy la rge amount of energy 

melhoTT* ° f PreSMt inTOn " on " to mate available a 
method and an apparatus that enable short drying time ano 
hence high printing speeds confined with high energy eff 
in the case of an ink-Jet printer that l. effxcxency 

printer that is in continuous 
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operation, with no deterioration in the quality of the image 
carrier or impediments to its further processing. 

This objective is achieved by a method with the characteristics 
given in Claim 1 and an apparatus with the characteristics 
5 given in Claim 8. Advantageous embodiments of the invention are 
described in the subordinate claims. 

The invention includes the. fundamental, idea that, in. view of 
the absorption and reflection properties of the inks 
customarily used for ink-jet printing on one hand, and those of 

10 the papers that are by far the mast commonly used as. .image 

carriers on the other hand, electromagnetic radiation in the 
near-infrared, region, specifically in the wavelength .region 
between 0.8 and 1.5 ^im, should be used to dry ink-jet prints. 
It also includes the idea that for this purpose a substantially 

15 strip-like (in the form of an elongated rectangle)- irradiation 
zone should be created, through which the image carrier is 
conveyed. Finally, the invention also includes the idea, of 
exposing substantially the entire surface of the. print, image to 
this radiation, but not macroregions of the carrier that lie 

20 outside the outer contour of the print image. 

The last statement should be understood in the context of the 
invention as follows: large, uninterrupted regions of the print 
image (e.g. a letterhead, an address field and text sections of 
a business letter or the regions of a constructional drawing 

25 that show particular parts) are exposed over the entire area 
within their particular outer contour, or. at least line by 
line, to the NIR radiation. Focussing of the radiation onto the 
ink- jet trace (which in the sense of the above use of the term 
"macroregions" could also be termed the "microregion" of the 

30 print image) is required, nor is there a large-area irradiation 
of the image carrier without regard for the actual presence of 
a print image. The type of irradiation in accordance with the 
invention is advantageously accomplished by controlling the 
shape of the irradiation zone and/or the operation of the 
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utit: zir. itseif ' in d ~* - - — — 

taflrH""" 5 ' PIeferred enbodi - nt the radiation in the near- 

s : ztZ7 an r foiio " in ' abbreviated - hir »-^«) 

elevated temperature, with a reflector elongated to match the 
shape or the halogen lamp - in particular with a cross sec Ln 
corresponding substantially to (part of) an ellipse. 

10 iuhstlnt^r 0 '^"' Signm « nt ln Perspective, a number of 
* PUn " ate NIR in Particular KIR light . 

emitting diodes, are likewise employed in combination with an 
elongated reflector with preferably part-elliptical ^ 

The specific configuration of the reflector in Hof-n u 
15 is selected in a ^ ^ reriector m both embodiments 

practical applications provides a qrrin ^ • 

7 ™ 4- u . es a str ip-shaped irradiation 

he "It™ len9th ° f " hlCh MtCheS the ^ of 
21 Pr "' k lma9e C " rler to b * dried, and the height of which 
match th helght of the Unes of print custon J J™* 

- T ^r :rr: COrreSP °— *« p ""cular appUca Ls 

e.g., for ink-jet printers specially designed for printing 
out drawings or for printing textiles - it may be more 
advantageous to use reflectors with a parabolic shape, which 
can generate a wider irradiation zone. Tor universally 
employable ink-Jet printers in the high-performance category 
where appropriate an adjustable reflector geometry 

30 :: p T oy T ted ' e ' 9 " ^ ad3UStaWe - be 

The above-mentioned adjustment of the shape of the i rradl ^- 
zone in dependence on the outer contour of the prin im 
achieved by means, preferably, of an irradilon^t^^ce 



20 



25 



- 6 - 



driven by a sensor that detects the outer contour of the print 
image. The irradiation-control device comprises in particular a 
controllable aperture and/or shutter device by means of which 
the NIR radiation is transmitted only to the regions of the 
5 print-image carrier that actually bear a print image, whereas 
the remaining regions of the carrier are shielded from the 
radiation. 

An aperture or shutter device of this kind can have a 
mechanical construction known per se, with a displaceable 

10 radiation barrier ("curtain") that in particular obscures 
particular sections of the total longitudinal extent of the 
radiation zone. However, an arrangement preferable to this 
mechanical construction,, because it is more rapidly 
controllable and less subject to interference, is an electro- 

15 optical aperture or shutter device. The latter is implemented, 
for example, by an LCD arrangement with a length corresponding 
to the maximal longitudinal extent of the irradiation zone, 
which is subdivided into a plurality of individually actuatable 
regions . 

20 So that the length of the irradiation zones can be varied in 

accordance with the actual print image, such an LCD arrangement 
comprises in particular an adequate number of control regions 
arranged in a row to form a "shutter line". These cause 
specific sections of the length (height) of the image carrier 

25 to be blocked off by completely closing (darkening of all 
controlled regions) the aperture or shutter device for 
predetermined time periods as the image carrier is being 
transported. A mechanical aperture or shutter device can also 
operate in the same way, by preventing the NIR radiation from 

30 reaching particular regions of the image carrier that are 
defined by their length or height. 



In combination with an aperture or shutter device of the kind 
described above, or where appropriate independently of such 
devices, the invention is advantageously designed with a 
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controllable NIR radiation source. The controllability 

oTw^hV" T tiCUlar abUity t0 tUrn the ™ on and 
off with brief response times, so as to implement a pulsed 

operation and/or a rapid alteration of the radiation output. 

5 in the above-mentioned embodiment of the radiation source as 
lines or substantially punctate NIR radiators, the latter are 
preferably individually actuatable, so that as the image 
carrier is transported through the irradiation zone, the length 
of the zone can be altered depending on the particular image 

LdLto U rs 3 " " l6SS l3rge nU ** er ° f ^ in ™ ai NIR 

j 

In another preferred embodiment, before and/or during the 
irradiation (i.e., in particular in a measurement region 
disposed ahead of or within the actual irradiation zone) a 
Physical parameter of the inJc-jet print or the image carrier or 
- preferably - both of these is measured and the result of the 
measurement is used to control the irradiation. Especially 
preferred in this regard is a measurement of the brightness or 
the degree of absorption in the printed regions in comparison 
to the unprinted carrier, or a temperature measurement or, for 
certain applications, a measurement of the moisture content in 
the -.-covered regions. In particular, detection of the colour 
of the applred ink is useful to control the amount of 
irradiation required for the particular case, and/or to adjust 
the wavelength region of the applied NIR radiation where 
appropriate. 

The above-mentioned setting of an image-specific wavelength 
region or the NIR radiation used for drying (which can be 
desirable in particular for high-quality printers or printers 
designed for special applications, can in particular be brought 
bout by swivelling optical band- or edge-filters that are 

su n ^ c ro r f s th into the beam path between raduti ° n - 

surface of the image carrier. Alternatively, electro-optlcally 
controllable filters can in principle be employed. 
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An apparatus that provides the various means of control 
described above of course comprises at least one sensor to 
detect the relevant physical quantity or quantities, i.e. in 
particular one or more photoelectric sensors to monitor the 
5 brightness and/or colour of the image or image carrier, a non- 
contact (in particular pyrometric) temperature sensor, and in 
some cases a moisture sensor. 

To implement an automatic adjustment of the irradiation 
parameters, such a sensor or sensors is/are connected by way of 

10 their evaluation circuitry in particular to a control input or 
control inputs of the irradiation control device. A suitable 
control algorithm ensures the adequate setting of the 
irradiation parameters in dependence on the measurements 
produced by the sensor (s). Because a closed control loop is 

15 provided, a well-regulated operation is made possible, which in 
particular can be helpful for carrying out drying procedures in 
the case of printing processes with markedly fluctuating print 
parameters - for instance, widely varying print-image density, 
nonuniformly printed image carriers and so on. 

20 A considerable enhancement of the drying effect is achieved 
when the action of the NIR radiation is reinforced by the 
action of an air current that passes over the surface of the 
image carrier. The latter accelerates the removal of the 
solvent vapours that the NIR radiation has released from the 

25 ink layer. Furthermore, it cools the surface of the image 

carrier and thereby (in the sense of producing a "cold" image 
carrier) reinforces the specific action of the NIR radiation. 

In the simplest case such an airstream can be implemented as a 
convection airstream by positioning air-conducting devices, in 
30 particular plastic conduction plates or films, next to the 

apparatus that transports the image carrier. A more elaborate 
means, which however allows considerable greater effects to be 
achieved, is to provide a blower device that generates an air 
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current that passes over the maximal width of the image 



The implementation of the invention is not limited to the 
aspects and preferred variants of' embodiments described here 

plant' e of 0nt : X f ° f " e a " aChed Cl " nS iS ^ — " * 



CLAIMS 



Method of drying an ink- jet print on a print-image carrier 
by means of infrared radiation, 

characterized in that the image carrier is transported 
through a strip-shaped irradiation zone and a radiation 
source is- operated in such a way that radiation in the 
near-infrared region, in particular with a wavelength 
between 0.8 and 1.5 jim, acts on the ink- jet print 
substantially over the entire surface of the print image. 

Method according to Claim 1, 

characterized in that the radiation in the near-infrared 
region is produced by an elongated halogen lamp operated at 
a high temperature, in particular with a radiation 
temperature above 2500 K, and equipped with an elongated 
reflector. 

Method according to Claim 1, 

characterized in that the radiation in the near-infrared 
region is produced by a row of approximately punctate NIR 
radiators that share a single elongated reflector. 

Method according to one of the preceding claims, 
characterized in that the shape of the irradiation zone 
and/or the operation of the radiation source is/are 
controlled in dependence on an outer contour of the print 
image, in such a way that macroregions of the image carrier 
beyond the outer contour of the print image are exposed to 
substantially no radiation. 



5- Method according to Claim 4, 
characterized in thai- a « • i ■ 

°cied line by 1" ^ 'ormat is 

substantially to tne sh " radla "° n «*» that conform 
y C0 the sha Pe of a Una of text. 

6- Method according to one of the precede , ■ 

characterized in that the i 7 ■ P Cedlng clal » s - 
irradiation zone or af « „ ^ Wlthi " 'he 

an airstream genera t^ ZZZT^ " ^ ^ 
order to dissipate solvent po : ° t hI al 7^^" *» 
directed substantially parallel to th ^ 
carrer. Parallel to the surface of the image 

7. Method according to one of hk. 

charactered in tha^ d ^d/ol in 

zone at least one physical parage of th 1 ™ dUtlon 

and/or of the image carrier lnk " jet prlnt 

in,, the ^iZ^T^TT" ^ ^ °* 
temperature and/or the ^ZZlLTuT ^ 
and the result of the measurement L evaluate!* 
control the irradiation. evaluated and used to 

' TIZIZ ^ - — —ding to one of 
characterized bv a ra n^f 

-face of the on^LT^ "» 

formed and aimed in the direction^ ^ Prlnt ls 

electromagnetic radiating ^T^^T*' 

is substantially in the ° f " hi "> 

- the „ are iength region between 0.8 ^ ^ T 

"hrch produces a strip-shaped irradiat"one ^ 

Apparatus according to claim 8, 
characterized in that the r*H< t • 

elongated halogen l^ ol^T^TT " 
an elongated reflector, in n \ * and 

' wnich ln Particular has 



substantially the cross-sectional shape of a section of an 
ellipse . 

Apparatus according to Claim 9, 

characterized in that the radiation source comprises a row 
of substantially punctate NIR radiators, in particular NIR- 
LEDs, as well as an elongated reflector, which in 
particular has substantially the cross-sectional shape of a 
section of an ellipse. 

Apparatus according to one of the claims 8 to 10, 
characterized by an irradiation-control device, which in 
particular comprises a controllable aperture and/or shutter 
arrangement, and 

a print-image detection device, connected to an input of 
the irradiation-control device and serving to detect the 
outer contour of the print image 

to control the shape of the irradiation zone and/or the 
operation of the radiation source in dependence on the 
outer contour of the print image. 

Apparatus according to Claim 11, 

characterized by at least one measurement device to detect 
a physical parameter of the ink- jet print and/or the image 
carrier, in particular the colour of the ink, the 
brightness or absorptance and/or the temperature and/or the 
moisture content, which in particular is connected to a 
control input of the irradiation-control device. 

Apparatus according to Claim 11 or 12, 
characterized by a control device to carry out the 
irradiation in a closed control circuit. 

Apparatus according to one of the claims 8 to 13, 
characterized by an apparatus to generate an airstream that 
is in particular substantially parallel to the surface of 
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the image carrier and hence is directed towards the ink-jet 
print for the purpose of drying the latter, in particular 
an apparatus that conducts the airstream over the width of 
the image carrier by convection or a blower that passes the 
air over the width of the image carrier. 

15. Ink- jet printer with an apparatus according to one of the 
claims 9 to 14. 
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